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1. IN”I’I<C)I  )LIC’’1’IC)N

C;eoloSic maps arc, by their very nature, inter j~rctive clocuments. in
Cont]ast, i]nages preparec!  fro~n AVIRIS data can be LIsed as uninterpreted, and
thus unbiased, geologic maps. We are having significant sLIccess applying
AVIRIS data in this non-quantitative manner to Ceologic problems. Much of our
success has come from the ~mwer of the ~,i~jked -Windows interactive j)ata
$ystem.  IinkWincts  is a visual data analysis and cx]>loration system under
Ctcwelopment at ]1)1 which is desifinect to rapidly and interactively investigate
large multivariate  data sets. in this pa~wr, wc present information on t}m
analysis technique, and preliminary results from research on potassium meta-
somatisln,  a distinctive and structurally significant type of alteration
associated with crmtal  extension.

2. 1,lNKWINDS  ANI)  MLJI.3’ISI’l;C’’J’J<AI l)A1’A

‘l”hc AVIRIS instrument co]]ects 224 contiguous spectra] channels within
the visible and near-infrared. The large number of cllanrwls makes analysis
difficult; cr]]ly a few channe]s  can be displayed in image format at one time, and
individual rock spectra are hard to distinguish from one another. Chle
approach is to take advantage of the digital nature of the data by comparing
spectra fronl different image e]enlents to Iaboratc)ry spectra of minerals.
IIowcver, this approach is hinctereci  when ildivictua]  minerals are combined
into rocks and more than one rock type is averaged into a single image element
(~]ixel). Spatial information, as important as spectral information for geologic
interpretation, is not readily included in this type of analysis. C;eologists are
used to analyzinS  clata in 2-din~ensional map forlnat, and tile human eye is
well-adapted for pattern recognition. lIowever,  it is not possible to create an
image that simultaneously presents the inforlnation  from 2?4 channels.

Spectral information that is important for mapping a specific area or
answering, a specific geologic questioll  commonly is contained within only a few
wavelen~th  channels. I lowever,  _wlliI]l channels may not be apparent from
ttworctical  considerations. I inkWincts  allows the user to interactively scan
through all channels and all combinations of band ratios, with the data
presented both graphically (e.&., spectra ad statistics) anti in image form.
1 inks between the two for-nls preserve spatial relations} ~ips. Visual evaluation
allows identification of sip, nificant geolo~ical  information. The advantage of
this approach is that a priori selection of spectra] regions believed significant
is avoided.



1.il~kWinds is a lJNIX-based  illtegrat~d l~~~ll[i-a}~}~li(-,ltiotl  execution
ellk’irf)nnlcnt which has a tLlll F,raphical  user ill[er((?ce atd pr-ese[~t]y  runs oll
Silicon [;rapilics  workstations, 1 hta sets anti inciiviciua]  tools in t hc form of
data dis~)lays anti Controls for Xnanipulatillc tlmse dis~)lays arc cocieci as objects,
each occllpyinva  wrincio  won tl~c’li[~k~’it ](flsscr{’c’l~. hd<’ssa~c’sare~~asseci
bc[we~,n objects alon~ o]w-way }mths seI up (o] t~l oken) by litlkir~~ (or unlinking)
tlwobjccts 01 winciowsat  I hediscretion  of the user. “1’l~isdata-lil~kiI~~
paracli~m makes tlw system perform much like a ~raphics spreactshect, and is a
]mwetful  wayof or~anizin~ thcciala  fora[lalysis  m’llile }>ro\’icii  IICallillt  Llitive
and easy -to-l c’arn in[erface.

3. l)O’l ASSI(JM M1{’I’ASOMA’I’ISM

l’(~tassitl]~~-~  ~~ctasoll~a[is~l~  (K-ll~ctasol~~atis[l~)  isa form of al[erationin
which lar~e amountsof  potassiuln are acidqd to rocks. III this process, rocks of
(iivelsec olll}>ositi or~te~l(i to behonmgenizect  toalnixture ofpotassiul nfelclspat
(adulatia)  + hm~atite~qilartz~ illite-~]~o~lt~  i~orill(~~lite. Rock textures are
preserved. l'otassiLllll-l> earillC }>l~ellocrysts, sllcllas sa1lidi1learld biotite, are
gemrally  not affected anti give the illusion tl~at the rocks are unaltered
(Oapin and 1,indlcy, 1986).  K-metascmatism  is cmnmonly associated with
clustal  extension. I;xamples of K-l~~ctasc)~l~atisll~ are found associated wit}l
detachlnen(  faul(ing  (extension alorl~ large-scale, low-an~]e ]mtmal faults) in
California ami in the Rio (;rancte Rift c)f New Mexico.

‘Iwo models have been proposed for the cmigin of ~l~etasc,r~~ati~iT~~  fluicis.
In one, the fluids travel from depth alons  faults and play an important role in
the mechanically difficult process of initiation of low-an~]e normal faults
(Bartley and Glamer,  1985).  in the second mociel, the fluids are surficial
alkaline, saline brines, and metasmnatisln  results frc~~n lollg-dutation  brine
circulation thrc)u~h basins formed by extetlsion-related  subsidence (Chapin and
I irdley, 1986). The two models have very different tectonic and structural
implications. It should be possible to test the models by comparing an
alteration map with a fault map; the most intense K-metasomatism  should be
associated with fault zones if the first model is correct, whereas distribLltion
should be lnore diffuse and widespread if the second model is correct. This
problem is ideally suited for analysis usins  AVIJ<IS data.

4. q“} ]]; sOCOI<I<{)” I)OI”ASSl~JM  ANC)MAI Y

The I )atil-Mogollon  volcanic field, southwestern New Mexico (F’ig. 1)
was part of a hLlge oligo-Miocene  volcanic province related to the Rio Grande
Rift. here, huge calderas were sources for sheets of silicic ignimbrites  erupted
~~rior to development of Ilasill and Range topography (}{lston, 1978). Smm-m,
New Mexico, lies on a boLlndary between two domains of irnbricate rmrmal fault
blocks that are tilted in opposite directions (Chapin, 1989).

‘I”he %corro potassium anomaly is an I.-shaped zone in which one arm
tmncis northward along the axis of the early rift l’opotosa basin (Fig. 1). ‘1’he
other arm extends southwest from Socorm  across an overlapping series of late
()]i~ocene  calderas. LJsing on]y the vo]u]ne  of altered tLlffS (900 km?’) and an
averag,e  enrichment of 2.9Yc KzO, a minimum of 6.4x10’0  tons of potassium has
t)ecn add~~~ wit~ljn the anomaly (Chapin and 1,indley, 1986). The Socorm  a r e a
is idea] for the study of K-metasomatisln  becaLlse five re~iollal ash-flow tLlff



stwe[s twtend across the potassium anomaly and lve]l bcyonci it, allo\vin~
t]avelscs  (Ionl fresh rock inio pm~:ressivc’]y n~or(’ rllc’tas(>111Clti7{’Cl rocks w’ithin
the same strati ~raphic unit. In adciitioll, illtelbr(iLiin,q 0( Imsaitic anciesite
hlras tm(ween the ash-flow”  tLlff Shc’e[s permits comparison of al[c~ratioll  effects
on both mafic anti silicic  rock (C’lmpin aI)ci 1.indle>’, 19S6).

5. ANA1 .YSIS C)I’ AVIRIS I) A’I’A

‘1’his stLlciy was initiatwi as a rcsuit of the observation that syl~-
cxtensiollml seciilnentary and ~’olcanic rocks kvithin t}le Whipp]c  cietachment
terral~e, southeastern (’alifor~]ia-west{’rl~ Ari~olm, ciisp]av a ciistinctivc
s}wctra] si~natLlrc in 1.ANIXA’1’ Thematic Mapprr ciata ~l;eratal~ ct al., 1990).
WC’ llypotiwsizc(i that this siCnatLlre is related to colnpositional  cllal~Ses
rcsu]tin~ fmm syll-extensional K-rl~etasoIllatis)l~. Aithou Sl~ the acicied potas-
sium woLlld not be apparent in the visible anti near-11< spectral ran~, e,
associate(i ~lematitc  shoLI]ci be. ‘] ’herrfore, AVII<IS Ciata was acq Llileci for the
Whi}>pie Mountains area ~nd for %corro,  IQew Mexico. We focus c)]] the Soccrrro
data in this paper.

A 3-con~poncnt l{C;IJ image was made with a channel within the Fe+ ~
absorp[iol~ featllre assigned to blue, a chamwl within the R’ 2 absorption
featLlle  assigned to green, and a channel containing a calcite absorption featLlre
assi~)lmi to Imi (J;i~,. 2). l’hese three channels prmtLlced an image [hat displays
a remarkable degree of litho]ogic ciiscriminability.  Not oniy can basaltic
anciesites be ciistin~Llisheci  fronl silicic tuffs, but Ctiffereni  basaltic amiesite  and
lLlff units can be cfe]incated (1’’ig. 2). Also ide~~tifiablc are ]’recambrian
crystalline units and younger lnetaseciimentary units, mmt notably the
I’ennsylvanian  Maciera I imestonc. in fact, comparison of ciotaileci field
mapping (Chamberlain, 1982) and Chapin’s fielci work in the area sLISSests  that
tl~e litlm]ogic discrimination possible with t}le image is approximately eqLlal
to that observable in the field.

intense K-metasomatism  is indicated by a cieep orange color in the 3-
compcmmt 1<(;D image. ‘1’he alteration spectral signatLlre is independent of
initial rock type, occurring both in rr~etasomatizeci silicic  tuffs and basaltic
andesite  ]avas, which is consistent with l]w tendency for K-melasonlatism  to
ho]nogenize rock compositions. “l’he origin of this distinctive spectral signatLlre
is apparent in all inlage whic}l displays the ratio of a channel within the }~e+  3
absor}>lion feat Llre vs. a pure-reflectance channel. ‘l”he energy retLlrn displayed
by the pure-reflectance channel is a measure of the albecto of the rocks; in
genera], light-colored rocks are more silicic than dark-colored rocks, and so this
channel provides a crLlcie indication of rock type. ‘I”he ratio image highli~hts
areas ill which the energy retLlrn displayed by the l~e+ 3 channel is significantly
lower than expected, based on that froli~ the pLlre-reflectance  channel. The
ratio irna~)e thL1s highlights rocks which contain significant amounts of Fe+~-
bearins  minerals, probably hematite. ‘l”hese  areas correspond to tile deep
oran~e areas on the ?cornponent  I{GB image.

6. C’ONCII.LISIONS

Our preliminary resLllts show that K-metasomatism  call be mapped
from AVIRIS data. “l’his represents a significant advance since, due to the
visual sLlbtlcty  of the alteration, larp,e nLlnlbers  of chemical analyses have beci]



r(qui~cd pIc’\’io Llsly (0 Ccrnst[uct even a clucte aller~tio[l map. We have beSLln
systematic  sample’ collection bas(’d on the image analvsis. [’lwnlic,a] analysis
of tlv.x+c sa]nplcs will allow us to caliblate  ttw AV11<15  s}wctral ciata i~l order to
dc[ellnine  lhc corresponding cie~ree of alteration. ‘1 he alteration map prodLlceci
fl’(~111 []liS datfl S]lOLl]d ~]]OW tC’S[illF,  Of t]le tWO metasomatisnl  lllOdCk.
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I~i~ll~-e 1. Map showing the location and approximate extent of the Soccrrm
potassiLln~ anomaly. (Modified from C’hapin and 1,i)ud]ey, 1986.)

];i~uI”e ~. (%2 S]ictc ].) S-component ]<C;[] image of the stLlcty area;  AVIRIS
data co]]ected in ALl~ust, 1990. Hlue = AVIRIS bald  12; green = band 48; red =
banci 213.


